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INTRODUCTION 
INTRODUCTION 
There has been a vast development in the field of coordination chemistry during 
the last four or five decades. The tenets of Werner's theory have not been discarded, 
but these have been refined and greatly extended. For example, early workers 
considered coordination compound of only a few metals (e.g. Pt, Co, Cr) and 
coordination numbers of four and six. More recent research on coordination compound 
has been concerned with nearly all the metals in the periodic table, with all coordination 
numbers from two to twelve and in many (even fractional) oxidation states.^ 
The early workers in coordination chemistry were more interested in developing 
the theory of bonding and assigning structures than in any practical usefulness which 
these compounds might have. In more recent times however, applications of a variety 
of these compounds have been realized and others remain to be discovered. 
The growth of interest in coordination chemistry has been greatly stimulated by 
the potential use of complexes in catalysis and in the role of metal ions in biochemistry. 
Perhaps the most important of these is in catalysis, especially for hydrogenation 
and activation of C-H bonds. Metal carbonyls and their derivatives have played a large 
part in this application, as well as in carbonylation reactions such as the process for 
converting methanol into acetic acid. 
CH3OH + CO ^^'^^^^^ CH3COOH 
Platinum complexes containing diphosphines and other chelating ligands 
containing asymmetric carbon atoms have found a place in the chemical industry as 
stereospecific catalysts. Some of them give products w/ith a high degree (~85%-90%) 
of specificit\/'. This is important in the manufacture of some drugs (eg. Levo-
dihydroxyphenylalanine, used in the treatment of Perkinson's disease). 
Many enzymes, which serve as catalysts in living systems are, invariably, 
coordination compounds. For example, the decomposition of hydrogen peroxide is 
catalyzed by many things, including iron compounds. ^  
2 H,0. SB^M^ 2 H,o + 0, 
Coordination chemistry can find a use in medicine in a number of ways. 
Coordination compound can be used in the treatment, management or diagnosis of 
various diseases. Coordination complexes can be formed in the body to handle 
dysfunction due to metal poisoning. 
Although a number of complexes have reached the experimental testing stage 
for treatment of certain types of cancer e.g cis-dichlorodiamine platinum(II), known as 
cis-platin(DDP), is a well known compound prescribed for the treatment. This drug was 
approved by FDA for human treatment in 1979 and since 1983 is one of the leading 
anticancer drug in the USA.-^  
Treatment of rheumatoid arthritis by gold complexes, began with the work of 
J. Forestier in 1929. By 1935 he had reported benefit from gold salt in chronic arthritis. 
Sodium aurosulfite, Na5Au(S03)4.5H20 is reported as a potential drug against 
tuberculosis.'' Several gold complexes of some common sulpha drug are also effective 
against nngworms and fungal infections. 
Several transition complexes serve as model to elaborate the biological processes 
in human beings. It is known that almost all of the metals from the first transition series 
in the periodic table (i.e. V to Zn) are essential to human life . Moreover, inclusion of 
even the alkali and alkaline earth metals with crown ethers and other cyclic ligands play 
important biological roles. 
The coordination compounds which have received wide study are those with 
newer types of non-classical ligands like, phthalocyanines, macrocycles, crown ethers, 
alkenes, alkalynes, organic phosphines and carbon monoxide etc. some of these 
compounds are well established catalysts like Wilkinson's and Vaska's catalysts in view 
of their ease of oxidative addition and reductive elimination reactions. 
The ligands are classified as unidentate ligand when it has only one biting site 
bonded or Coordinated to metal ions. When a ligand becomes attached by two or more 
biting centres, it is bidentate, tridentate, tetradentate and so on, generally multidentate. 
The Greek- derived corresponding prefixes like mono, bi or poly etc. are also used in 
the literature. ^ 
Bidentate liqands: 
Bidentate ligands result in chelates when bonded to one metal ions as shown in 
fig. I (a,b,c,d). 
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Tridentate liqands: 
Some of these class of ligands are obligate planar as for example, Terpyridine 
(fig. II) and acylhydrazones of salicylaldehyde (Fig. III). 
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Fig. II Fig. Ill 
There are also many flexible tridentate ligands such as those shown in fig. IV 
CHz CHz NH2 (CH2)3-As(CH3)2 
HN CH3AS ^ ^ 
CH2 CH2 NH2 (CH2)3-AS(CH3)2 
Diethylenetriamine (dien) Bis (3-dimethylarsinyl propyl) 
methylarsine (triars) 
Fig. IV 
Ouadridentate lioands: 
Open chain, unbranched (Fig. V) 
H2N(CH2)2NH(CH2)2NH(CH2)NH2 
Triethylenetetramine (trine) 
Fig. V 
Tripod ligands 
These are of the type X(-Y)3, where X is nitrogen, phosphorus or arsenic, 
the Y group are R2N, R2P, RzAs, RS or RSe and the connecting chains (-) are 
(CH)2, (CH2)3 or 0 -phenylene. The followings are a few examples of this class of 
ligands: 
N(CH2CH2NH2)3 
N[CH2CH2N(CH3)2]3 
N[CH2CH2P(C6H5)2]3 
P[0-C6H4P(C6H5)2]3 
tren 
Meetren 
np3 
QP 
N(CH2CH2SCH3)3 
AS[0 -C6H4AS(C6H5)2]3 
TSN 
QAS 
Pentadentate and Hioher-dentate liaands: 
The best known hexadentate ligand is ethylenediaminetetraacetate (EDTA)^, 
which can aiiio be pentadentate as EDTAH '^ (Fig. VI) 
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Fig. VI 
Macrocycles: 
The most important class of multidentate ligand is the Macrocydic ligands or 
macrocycles. A macrocydic ligand is a large ring compound of nine or more members 
including three or more donor atoms. Based on the donor atom type, macrocydic ligand 
can be classified as crown ethers (i.e. oxygen donor atoms), polyaza macrocycles or 
azacrown ethers (i.e. nitrogen donor atoms). There are examples of macrocycles 
containing sulfur, phosphorus, arsenic donors and macrocydic ligands with mixed donor 
atoms (i.e. polyaza polyoxa macrocycles, lariat ethers). (Fig. VII a,b,c) 
0 
0 0 
H 
NH 
-0 0-
(a) 
HN-
HN' 
-NH 0 HN 
NH HN 
(b) 
NH 0 HN 
\__/\_y 
(c) 
Fig VII 
Macrocycles with pendant functional groups include polyaza macrocycles that 
have coordinating sidearms attached to the nitrogen. (Fig VIII a, b) 
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Fig. VIII 
An important class of macrocyclic ligands consist of macrobicyclic polyaza 
polyoxa ligands called cryptands. Cryptands have a sterically controlled coordination 
cavity that can exhibit enhanced specificity and stability for individual metal ions. (Fig. 
IX a, b). 
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Fig. IX 
Coordination chemistry of macrocyclic ligands has been a fascinating area of 
current research interest to the inorganic chemists all over the world. The study of 
macrocycles in wide scale started in the early sixties as an academic field of interest. 
So, the design of the appropriate macrocyclic ligands, the synthesis and characterization 
of metal complexes with macrocycles ligands have been widely explored in the last four 
decades or so. Such studies have shown that the chemical properties of the compounds 
depends on the nature of the macrocycles. Additionally, the degree of unsaturation and 
the size of the macrocycle have a pronounced effect on the reactivity and stability of 
the oxidation states of the transition metal ions. For example, the electrochemical 
reactivity of these complexes can be controlled, in principle, by appropriate structural 
changes on the ligands and the solvents. 
Macrocyclic complexes in general have the following characteristics:^ '^  
1. A marked kinetic inertness both to the formation of the complexes from the 
ligand and metal ion, and to the reverse, the extrusion of the metal ion from 
the ligand. 
2. They can stabilized high oxidation states - that are not normally readily 
attainable such as Cu(III) or Ni(III). 
3. They have high thermodynamic stability - the formation constants for N4 
macrocycles are of the orders of magnitude greater than the formation 
constants for non-macrocydic N4 ligands as for examples for Ni^ "^  ion the 
formation constant for the macrocyclic cydam is about five order of 
magnitude greater than that for the non-macrocyclic tetradentate ligand.^  
The macrocyclic complexes of metal ions are synthesized by the reaction of the 
required metal ion with the performed macrocyclic ligands, but there are potential 
disadvantages in this method.® The synthesis of macrocycle in the free form often 
results in a low yield of the desired product with side reactions, such as, polymerization 
etc. which predominates. In order to circumvent this problem the ring- closure step in 
the synthesis may be carried out under condition of high dilution or a rigid group may 
be introduced to restrict rotation in the open chain precursors thereby facilitating 
cyclization. The crown polyethers are examples of macrocycles which have been 
prepared mainly by direct synthesis.^  Another most effective method of the synthesis 
of macrocyclic complexes involves an in-situ approach wherein the presence of metal 
ion in the cyclization reaction markedly increases the yield of the cyclic product. 
Reactions shown by equations (1) and (2) are examples of two synthetic routes for two 
such systems as below: 
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The metal ion plays an important role in directing the steric course of the reaction and 
this effect is termed "metal template effect". 
The field of synthetic macrocycles is very wide and covers several basic and 
applied subjects of interest for chemist, biologists, engineers and many others. On the 
other hand, this field is widely developed as it has been an important source of applied 
science to problem related to several disciplines during the last forty years.^ ° 
In recent years there has been a lot of interest in the field of azamacrocyclic 
complexes because of their resemblance with naturally occurring biological systems. 
Azamacrocycles have strong tendency to form stable complexes with transition metals. 
So, these ligands control the function and reactivity of a particular metal in biology. For 
example, iron in the heme proteins. Thus, the ligand may control the Coordination 
number, the detailed Coordination geometry, the spin state, redox potential and rate of 
electron transfer of a bound transition metal ion. It may provide a hydrophobic 
environment around the metal centre that will control various electrostatic interactions 
and the reactivity of the group. 
The porphyrin and corrin ring for hemoglobin and Cobalt containing vitamin B12 
co-enzymes respectively are shown in fig. X. 
Porphyrin ring 
Fig.X 
Corrin ring 
Transition metal complexes with azamacrocycles ligand such as phthalocyanines 
and porphyrines derivatives among others has been studied and used for more than 
two decades as catalyst (homo- and heterogeneous) in several chemical interesting 
reactions and technological procedures. 
The synthesis of azamacrocycles complexes and its potential applications in area 
such as electrolysis and electrochemical corrosion is a theme of great interest. 
The chemistry of synthetic macrocyclic ligands can be conveniently divided into 
two major divisions.^^ First there are the studies involving cyclic polyether ligands of the 
"crown" type.^^ These ligands have an affinity for non transition metals such as the 
alkali and alkaline earth metal ions and like several naturally occurring antibiotics, often 
exhibit remarkable selectivity for particular metal ions.^^ They also show considerable 
potential for the transport of certain of these cations across natural and artificial 
membranes.^ '^ '^ ^ Because of their possible use as therapeutic agents and also for other 
(non-biological) applications, the cyclic polyether ligands have thus aroused 
considerable recent interest. In contrast to their behavior towards the other metal ions, 
this ligand type generally shows much less tendency to coordinate to transition metal 
ions.^ '^ '^ ^ 
The interaction of crown polyethers with non transition metal ions has been 
studied extensively since the inherent selectivity of this ligand type has implications for 
a number of areas.^ ^ Such as (a) The mechanisms of biological transport across 
membranes, (b) the solubilization of inorganic salts in non polar solvents for use in 
organic reactions, (c) the development of cation selective electrodes as well as a 
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number of potential other analytical and therapeutic applications/^ Although their 
interaction with transition metals has also received some attention, these macrocycles 
in general, show low affinity for such ions.^^ Incorporation of nitrogen-donor atoms in 
the macrcKycles to produce rings containing mixed oxygen nitrogen donor sets has 
been demonstrated to increase the affinity for transition-metal ions.^ °" '^* 
The other category of macrocyclic ligands are those which usually form quite 
stable complexes with transition metal ions. A number of donor atom types (mainly 
nitrogen or sulphur) have been incorporated in such ligands" and typical examples are 
the four nitrogen quadridentates of the curtis type.^^ Such transition metal complexes 
often show special properties which in some instances are related to those of the 
naturally occurring macrocyclic systems.^'' However, compared to the polyethers, these 
ligands usually show much less tendency to form stable complexes with non transition 
ions such as those of the alkali and alkaline earth metals. 
Both categories of cyclic ligands thus often yield complexes which have unusual 
properties. 
The field of macrocyclic chemistry has recently been extended^° to the study of 
novel subjects such as molecular sensors in biological systems, supramolecular 
chemistry, nanotubes, lanthanide complexation and complexes termed as "molecular 
machines". 
The rational construction of new metallo-superamolecular architectures, using 
logical combinations of rigid linear and angular components, has been the subject of 
much studied during the last decade.'^ ^ Most commonly nitrogen heterocycles have been 
used to provide the donors for coordination to metal ions within these assemblies, with 
pyridine rings being by far the most frequently used. More recently, flexible ligands 
have been employed to obtain access to topologies that are not available using more 
rigid ligands. Such flexibility can be introduced by means of combinations of methylene, 
ether or thioether spacer groups between the donor sites. The introduction of latter 
permits the ligand to exist in various conformations as a result of rotations about single 
bonds.^ ^ 
Simple alkyl chains have been extensively used as linkages between nitrogen 
heterocycles. For example, propylene spacer groups have recently been used to link 
pyridines,^ " pyrazoles,^ ^ and other heterocycles^^ in various bridging ligands. Additional 
stability can be imparted to the resulting complexes by adding extra donor groups to 
allow chelation at each of the metal centres. By far the most popular subunit of this 
type is 2,2'-bipyridine, which has been incorporated as an N,N'-chelating unit into a 
multitude of bridging ligands, as has recently been well reviewed.^ ^ Much less studied 
are N,0-chelating subunits, despite the fact that N,0-chelating ligands, such as 8-
hydroquinoline (oxine), have been used for over a century as ligands in coordination 
and analytical chemistry.^ ^ 
Tert-butyloxycarbonyl (Boc) has been used for the selective protection of 
secondary amines in macrocycles that include both all-nitrogen donor systems [such as 
1,4,8, U-tetraazacyclotetradecane (cyclam)]^^'^^ as well as mixed donor systems. 37 
Using a related strategy, it was considered worthwhile to carry out the synthesis 
of the single ring, selectively benzylated mixed [N,0] polyaza-oxa macrocycle. This has 
been achieved by employing the cyciocondensation reaction using dialdehyde, 1,5-Bis 
(2'-formylphenyl)-l,5-dioxapentane with a suitable polyamine i.e diethylenetriamine. 
The sythesis, characterization and complexation reactions of the novel class of [N3O2], 
macrocycle have been discussed in the work. 
EXPERIMENTAL METHODS 
EXPERIMENTAL METHODS 
It is well established that single crystal X-ray crystallographic method is a 
worthwhile tool to get complete information regarding the molecular geometry of the 
compound indicating the exact disposition of the various atoms in the molecule, if a 
suitable crystal is grown. However, in the absence of single crystal suitable for X-ray 
crystallographic studies, various physico-chemical methods may be employed to get an 
in-sight of the molecular geometry of the complexes. The pysico-chemical methods 
which are commonly in use are analytical data, molar conductivity measurements, infra-
red, NMR, UV-visible spectroscopic studies. 
Though a detailed theory of the various techniques used for characterization of 
the compounds described in this work is available in text books, monographs or review, 
a brief description would not be inappropriate, as given in the following paragraphs. 
IR Spectroscopy: 
Important group frequencies in the I.R. spectra of the compounds relevant for 
characterization of the present compounds: 
1. Etherial v (C-O-C) and Secondary amine, v (N-H) bands:^ ^ 
The reported band frequencies of carbony! and amine were compared for 
band assignments in the IR spectra of the newly synthesized ligand and their metal 
complexes. 
16 
The v(C-O-C) stretching mode gives rise to strong absorption bands in the 
region 1300-1000 cm'^  in ethers . Despite its considerable intensity, the band is 
often difficult to recognize, as it occurs in a region of the spectrum where many 
strong skeletal bands commonly occur. 
Secondar/ amines show only a single v(N-H) stretching band in the 
3500-3200 cm^ region. 
2. V (ON) : 
The v(C=N)^ ^ absorption occurs near 1667cm'^  as judged from oxazines. 
However, the position of this band is close to 1610cm"^  as reported in various 
imines. In the solid state unconjugated oximes absorb close to 1640cm'^  and are 
unaffected by the geometry. The intensity of the v(C=N) absorption varies widely 
with the nature of the attached group. 
3. Metal-Nitrogen v(M-N) Stretching Vibration; 
The M-N bond stretching frequency is of particular interest since it provides 
direct information about the metal ion coordination bond. In complexes it generally 
appears in the region 370-390 cm"^ 
4. Metal-chlorine v(M-CI) stretching vibrations: 
The M-CI bond stretching vibration generally appears in the region 
340-270cm"\ The position and intensity varies for different metals. 
% - # 
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NMR Spectroscopy:^^ 
Nuclear magnetic resonance is concerned with the magnetic properties of 
certain atomic nuclei, notably the nucleus of the hydrogen atom-the proton-and 
that of the carbon-13 isotope of carbon. Studying a molecule by NMR spectroscopy 
enables us to record difference in the magnetic properties of the various magnetic 
nuclei present, and to deduce in large measure what the positions of these nuclei 
are within the molecule. We can deduce how many different kinds of environments 
there are in the molecule, and also which atoms are present in neighboring groups. 
Usually we can also measure how many atoms are present in each of these 
environments. In recording an NMR spectrum, we measure the differences in 
chemical shift position between the reference (TMS) and the signals from the 
compound being examined. 
The magnetic moment of -^^C is about one-quarter that of ^H, so that signals 
are inherently weaker, but the overwhelming problem is that the natural abundance 
of ^^ C is only 1.1%. The problem in simple molecules can be overcome by 
synthesizing ^^C- enriched samples, but this is of little value in complex molecules. 
It is possible to offer reasonable rationales for proton NMR chemical shifts, 
the explanation of carbon-13 NMR chemical shifts is much less self-consistent, 
despite extensive studies; predictions based on the tables of empirical data which 
follow are very reliable. 
UV-Visible Spectroscopy:'^  
An electronic spectrum is a very powerful tool in coordination chemistry for 
the elucidation of structures of complexes. The electronic transitions of this type 
correspond to frequency from near in the IR to far in the visible region. The range 
5000 to 30000 cm"^  is usual for studies of ligand field spectra. 
The spectra of transition metal complexes generally show one or more well-
defined absorption bands in the visible region and a band sometimes obscured by 
charge transfer bands in the high energy region. The spectra are interpreted with 
the aid of ligand field theory. The ligand field splits the orbitals of the d levels into 
various energy levels or states. Electronic transitions take place between these 
energy levels or states giving rise to characteristic band in the spectra. The extent of 
splitting is given as a function of Dq. The magnitude of Dq or A varies with different 
ligands for different complexes. As Dq increase, AE, the energy of transition 
increases. The value of AE is obtained directly from the frequency of the absorption 
peak. The frequencies of each band obtained from the electronic spectra are 
compared with the spectral data available for the expected geometry of the 
transition metal ion of interest. 
Molar conductivitv measurement: 
Molar conductance (Am Scm^mol"^ ) gives information regarding the electrolytic 
property of a complex i.e. whether it is an electrolyte or non-electrolyte. When the 
electrolytic nature of the complex is known it helps in distinguishing those groups 
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that are involved in coordination to the central metal ion and groups outside the 
coordination sphere. When all the groups are involved in coordination, the complex 
behaves as a non-electrolyte. Thus molar conductivity measurement is an additional 
tool which helps determining the geometry of a complex. 
Determination of Ionic Association Constant TKi). Thermodynamic Free energy 
change (AG) and Limiting Equivalent ionic conductance (An-^ ) of the present 
complexes:-
The ionic association constant and limiting equivalent conductivity of the 
present complexes have t)een determined employing the conductometric studies of 
the complexes at different concentrations of their solutions at RT similar to that 
reported by Miyoshi et-al.''-'''^ A conductometric study concerning ion association in 
aqueous solutions has been reported by Katayama."^ ^ The present conductometric 
measurements were done in water and the data were treated by using a modified 
Onsager limiting equation according to the Fuoss and Edelson method."" The 
thermodynamic ionic association constants of the present macrocyclic metal 
complexes have been evaluated as well as the corresponding free energies of the 
first association reaction have also been calculated and discussed in the preceding 
chapter. 
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EXPERIMENTS 
EXPERIMENTS 
Material and Methods 
Reagent used:-
The reagents used for the reactions described in this text were purified or dried 
wherever it was necessary. 
Reagents used sallcylaldehyde (G.S. Chemical testing lab and allied industry), 1,3 
dibromopropane (Loba), diethylenetriamine (E. Merk) were commercially pure used as 
received. The metal salts CuCl2-2H20 (BDH), FeCb anhydrous (Ranbaxy) were 
commercially pure samples and used as such. Solvents, ethanol and methanol were 
purified by literature methods. 
1. Preparation of the ligand L: 
The ligand (L) has been prepared utilizing condensation reaction of the 
dialdehyde, l,5-Bis(2'-formylphenyl)-l,5-dioxapentane with diethylenetriamine. The 
dialdehyde has been prepared after the modification of the reported procedure 
published elsewhere^^ as following: 
Preparation of 1,5-Bis (2'-formylphenyl)-l,5-dioxapentane (1): 
To a solution of sallcylaldehyde (24.4g, 0.2mol) in 20ml of alcohol was added 
sodium hydroxide (8.0g, 0.2mol) solution in 400ml of water. The mixture was warmed 
on an oil bath at ~40°C and then 1,3 dibromopropane (20.2g, O.lmol) was added drop 
wise with stirring. The reaction mixture was stirred for about 30 minutes and then 
sufficient alcohol (300ml) was added to produce a homogeneous solution. The solution 
was then refluxed for about 3 days and then cooled to stand at O^ C in a fridge. The 
Cream-colored crystals produced were filtered and washed with water then with ether 
and dried under vaccum. [Yield 10.6g or 37%; mp(obs.) 99°C, (reported) 99°C] 
Preparation of the macrocyclic ligand (L): 
Diethylenetriamine (l.Ogm, O.Olmol) was added dropwise to a solution of (1) 
(3.00g, O.Olmol) in methanol (60ml) with continuous stirring at RT. It produced a dark 
orange solution which was stirred overnight at RT. A white precipitate was formed 
which was filtered, washed with MeOH and dried under vacuum. [Yield 2.7gm or 77%; 
mp 110°C] 
2. Preparation of complexes CuLCb and FeLCh :-
Preparation of CULCI2: 
To a solution of the ligand (0.702g, 2m.mol) in 30ml ethanol was added 
CUCI2.2H2O (0.681g, 4.0m.mol)in ethanol drop wise at RT. Color of solution changed to 
deep blue which after the complete addition, produced green precipitate. The reaction 
mixture was stirred overnight for completion of the reaction. It was filtered off and the 
precipitate was washed with ethanol and then dried under vacuum. [Yield 0.490gm or 
46.5%; m.p. 110°Cdec.] 
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Preparation of FeLCb: 
It was prepared in an analogous manner as above i.e. to a solution of ligand 
(0.702g, 2rn.nnol) in 30ml ethanol was added ethanolic solution of anhydrous FeCb 
(0.648g, 4.0 m.mol) with stirring. Precipitation was started on addition of very first drop 
of metal salt solution. The solution was stirred overnight. The orange precipitate formed 
was filtered off, washed with ethanol, and then vacuum dried. [Yield 0.380gm or 37%; 
m.p. 170°C dec] 
Physical Measurements:-
IR spectra of the compounds were recorded as KBr-discs on Interspec 2020 
FT-IR spectrometer. H^ and ^^ C NMR spectra of the compounds were recorded in CDCb 
on Bruker DRX300 at 300 and 75 MHz probe at RT using SiMe4 as internal standard. 
Electronic spectra of an aqueous solution of the complexes (1x10"^ M) were recorded 
on SL 159 (Elico Ltd. India) UV-visible spectrophotometer. The conductivities of the 
solutions of the complexes in the concentration range 10"-^-lO""* M were recorded at a 
frequency of IKHz, by a CM 183 (Elico Ltd. India) conductivity bridge using the 
conductivity^ cell of cell constant 0.98 at RT using sodium chloride as standard solution. 
Results of the microanalysis for Carbon, hydrogen and nitrogen of the compounds were 
obtained from CDRI, Lucknow. 
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RESULT & DISCUSSION 
RESULT & DISCUSSION 
The condensation reaction of diethylene triamine with l,5-Bls(2'-formylphenyl)-
1,5 dioxapentane in methanol gives a good yield of the present macrocyclic ligand. The 
reaction has been monitored by recording UV- Visible spectrum of the reaction mixture 
at Intervals. The appearance of the absorption band at ~280nm is indicative of the 
formation of C=N bond"*^  in the product. 
The results of elemental analysis of the compound are consistent with the 
molecular formula of the ligand as C21H25N3O2 (Table 1). The ligand has been 
characterized using IR, H^NMR and ^^ CNMR spectroscopic studies. The important 
frequencies observed in the IR spectrum are shown in Table 2. The spectrum shows a 
single band at 3401.7 cm"^  characteristic of v(N-H) stretching frequency, a strong 
intensity doublet at 1634 and 1598 cm"^  assignable to the v(C=N)^ ^ stretching 
frequency and a band of medium intensity characteristic of the v(-C-O-C-) stretching 
frequency at 1245.2 cm'^ The spectrum did not show any band in the region 
1650-1750 cm'^  due to the carbonyl v(C=0) stretching frequency. The appearance of 
characteristic bands due to C=N bond with a concomitant absence of carbonyl 
stretching frequency for the dialdehyde therefore, confirm the condensation process at 
the carbonyl functions of the dialdehyde with amine (-NH2) functions of diethylene 
triamine resulting in the final product with C=N bonds. 
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The electronic spectrum of the ligand shows a very intense band at 280 nm 
(357142 cm"^ ) v^hich is characteristic"*^ of the excitation from the filled HOMO (7i) to the 
empty LUMO (71,*) i.e. (n ^71*) transition of the C=N bond. 
The H^ NMR spectrum of the ligand recorded in CDCI3 has shown the expected 
pattern confirming the presence of imine (HC=N-), aromatic (C6H4) and various 
methylene (-CH2-, -CH2-N, O-CH2-) protons from the ligand skeleton. It shows a 
abroad signal centered at 1.76 characteristic of NH proton resonance, a signal at 8.656 
characteristic of the HC=N, multiplets in 6.91-7.156 for C6H4 protons as well as the 
signals due to the substituents (CHz-bonded to N, CH2-bonded to oxygen at 4.00 and 
4.26) which are summarized in Table 3. 
The ^\>NMR spectrum of the ligand (Table 3) also recorded in CDCI3 shows 
signals in the region 29.4-30.4 ppm and 60.6-65.0 ppm for the CH2-N and O-CH2 
carbons, resp<2ctiveiy. The signal for C=N carbon has been observed as multiplets in the 
lowest region (i.e. 158.2-159.0 ppm) similar to that reported"*^ for a dinucleating un-
symmetrical macrocycle possessed with imine (C=N) as well as amine (N-H) functions. 
The probable structures for the macrocyclic ligand (L) in the light of the present 
analytical and spectroscopic data may therefore be indicated as shown in fig. XI by 
structure I or I I . These spectroscopic data therefore indicate cycio condensation of the 
dialdehyde with the diethylene triamine giving a macrocyclic compound. 
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structure I 
Structure II 
Fig. XI 
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However, complexation reaction with metal ions has indicated the encapsulation 
of only one metal ion and therefore structure I appears more plausible rather than that 
shown by structure II . The macrocyclic ligand, in view of the lUPAC nomenclature is 
named as [c,j] dibenzo-[l,13,16] triaza-[5,9] doixa octadeca, 1,12-diene. 
The molar conductance [Am] data for the complexes FeLCb, CuLCb measured in 
water suggest that the former behaves as 1:3 electrolyte while the latter is a non-
electrolyte in solution when compared to that of a 1:1 electrolyte (NaCI) in water. This 
indicates that the complexes attain the stoichiometry as [FeLjCb and [CuLCb] in water. 
The compounds are all soluble in DMSO and water. However, in the case of [CULCI2] 
the color of the aqueous solution is blue suggesting that it acquires an octahedral 
geometry in water which has been further ascertained from its ligand field spectral 
studies. 
The IR spectra of the complexes exhibit absorption bands characteristic of the 
secondary amine v(N-H), v(C=N) and v(C-O-C) stretching vibrations of the 
macrocyclic ligand. 
The electronic spectrum of [CuLCb] (Table 4) in water shows two well resolved 
maxima at 16,180 (broad) and 40,000 cm"^ The latter band which is very intense 
(£=-^3000) and is apparently due to ( M ^ L ) charge transfer (C.T.) coupled with 
7 1 ^ 71* transition of the C=N bonds. Ttie ground state of Cu (II) in octahedral field is 
E^g and is expected to experience Jahn-Teller distortion giving a tetragonally distorted 
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geometry for Cij(II) complex. The observed band is therefore assigned to ^T2g<- E^g 
transition characteristic of d^ configuration (Cu^^ ) in octahedral geometry. The broad 
nature of this band may be due to overlapping of the two splitted maxima of the 
tetragonally distorted geometry.''^  
The complex [FeL]Cl3 in water produces a yellow coloration. The ferric ion in 
aqueous solution is very much subject to hydrolysis and the yellow coloration"^ 
observed is not due to ligand field band but rather to C.T. band possibly giving 
[FeL(H20)]^* complex ion in solution. The complex in water has indicated three 
absorption maxima at 21,276, 24,096 and 36,367 cm"\ The first two weak energy 
bands are probably the result of d-d transitions in the compound. The higher energy 
band (36367 cm"^ ) is due to C.T. and 71-> 71* transition of the ligand. 
It is well known that Fe^ "^  Ion (d )^ having ^Aig ground state in general give four 
very weak (£<10) spin-forbidden bands from the ground state (^ Aig) to the energy 
levels derived from E^ and G^ terms. However, in a tetrahedral environment of ligand 
even though the ground state is ^Ai but less number of bands (usually two) are 
observed''^ '''^  which are usually intense with £>100. 
In the present complex the observed two bands at 21,276 and 24,096 cm"^  are 
the result of the transition from %(G)^^A i and '^2(G)<-^Ai , respectively, in a 
tetrahedral environment of the ligand.'^ The probable geometry of the complexes in 
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view of the present physico-chemical and spectroscopic data may be as shown in fig. 
XII and fig. XIII. 
Fig. XII 
H 
\ / 
H 
.C=N 
\ / 
Fe 
° OH. ° 
3cr 
Fig. XIII 
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It is interesting to know that the 71 - > 71* transition of the ligand is shifted to a 
higher energy (blue shift) when it is complexed with the metal ion. This indicates that 
on C=N bonds either the 71 orbital i.e. HOMO gets stabilized or the TU* i.e. LUMO 
becomes destabilized during the complexation process providing a very stable metal 
ligand bond. 
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Table 3 : Resonance peaks observed in the ^H- and ^^ C- NMR Spectra of Ligand 
(L) taken in CDCI3 with their assignments: 
Spectra Chemical shifts 
H^ NMR 1.7 (singlet, NH), 2^54 (multiplet; CH2), 3.69 (multipiet,=N-CH2), 
4.00 (multiplet, CH2-N), 4.2 (multiplet, O-CH2), 6.91-7.15 
(multiplet, aromatic), 8.65 (multiplet, HC= N) 
^^CNMR 29.4-30.4 (CH2-N), 45.3-55.3 (=N-CH2), 60.6-65.0 (O-CH2), 
71.4-77.7 (CH2), 111.8-131.8 (aromatic), 158.2-159.0 (HC= N) 
Table 4: Bands observed in the uv-visible spectra of the ligand and its complexes 
with possible assignments: 
Compounds 
L 
CULCI2 
FeLCIs 
Band position 
(cm-^) 
35,715 
16,180 
40,000 
21,276 
24,096 
36,367 
(L 
e 
cm"^  mol'^) 
3000 
106 
3000 
383 
956 
3000 
Assignments 
71^71* 
'T2g^ 'Eg 
C.T.+71^71* 
%{G)<r% 
%{G)<r% 
C.T. +71^71* 
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Evaluation of Ki, AG and Ka±.-
Conductometric data has been treated according to the modified Onsager 
limiting equation, which for very low concentrations'*'' is given as: 
A= A°- S. Co'/^  (1) 
Here, A is the (equivalent conductance at each appropriate concentration, Co, and A" is 
the limiting equivalent conductances at infinite dilution of the electrolyte. 
A plot of A versus C^ '^ ^ yields a straight line with an intercept of A° on the A-axIs. 
The Onsager slope, S is obtained by A°. It is considered that the consequtive 
association equilibria of the prepared complex is accordingly 
M^^  + X" ^=^ MX^* (Ki) (2) 
MX^^  + X" ^=^ MX2^  (K2) (3) 
And 
MX2^  + X- ^ ^ MX3 (K3), (4) 
Where M indicates one of the metal (III) chelate cation (FeL)^^, X" Indicates the counter 
anion (CP). 
The ionic consequtive association constants, Ki, K2, and K3 are defined by 
Ki=[MX2"] f2./ [M^1[X-] f3+f- (5) 
K2=[MX2l f./ [MX'^JX] f2.f- (6) 
K3=[MX3] f/[MX2l[X-] f,f- (7) 
Where f3+, f2+, f+, f, f. are the activity coefficients of M^ ,^ MX^ ,^ MX2 ,^ MX3 and X~ 
respectively. It is generally thought that Ki»» K2» K3. 
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The conductometric data were treated using the Fuoss and Edelson procedure. 
This method works very well to determine the ionic association constants or the stability 
constants.^"^° Using this method, only the ionic equilibrium of eq 2 was considered on 
the assumption that Ki»» K2» K3. The following expression based on the Onsager 
limiting law can be derived: 
AF = A°-DKi/A'' (8) 
where 
D= Co f3+ AF (AF - A73) (9) 
And 
F= [ ( 1 - S Co''2)-^+(A°-V)/3A] / [l+(A°-Ao-)/3A°] (10) 
Here, F is a function which approximately corrects the conductance ratio, A/A°, for the 
effect of interionic forces on the mobility, AQ. is the limiting equivalent conductance of 
X", S is Onsager's slope, and Co is the molar concentration of X~. The ion activity 
coefficient of M "^^ , f3+ is estimated by the Debye- Huckel equation: 
log f3+= -A zi^  1^'^ 
A= 1.8246 X 10^ (£T)-^ 2^ 
In water^^ at 25°C, £=78.54 so A= 0.509 and 
log f3+=-0.509 Zi^  1^ /2 ^^^^ 
where I is the ionic strength (1=2 Co). The value of Xo-for CI" ion is 76.35 S cm^ mol'^ in 
water at 25° C. 
The equivalent conductance. A, is calculated using 1000k/3Co. Figure XIV shows 
a plot of A vs. Co^ ^^  according to eq 1. The limiting equivalent conductance, A°, value 
(290 Scrrf mol"^  for 1/3 FeLCb) was obtained from extrapolating the plot of A vs. Q^^l 
Table 5 shows several parameters I.e. the evaluated magnitudes of specific conductivity 
(k), the equivalent conductance (A), the activity coefficient (f3+), and D for FeLCb in 
water at 25°C. The slope of the plot of AF vs. D gives Ki/A° from which the Ki can be 
obtained. 
0 10 20 30 40 
Co^ ^^ X 10"^  
65 
64 
63 
62 
u. 
< 6 1 
60 
59 
58 0 0.5 1 1.5 2 
D 
Fig. XIV. Rioting of A versus Co^ '^  for Fig. XV. The plot AF vs. D for [FeLJCb in 
[FeLjCb solution using water as solvent water as solvent at 25°C. 
at 25°C. 
The limiting equivalent ionic conductance (Ao+) of the complex cation i.e. [ML]^ "^ 
(1/3 M^^ ) of the macrocyclic metal complex can be calculated according to the 
Kohlrausch law:^^ 
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A°= Ao++ V (12) 
Where Ao- for CI" is 76.35 Scm'^mol"^ 
The free-energy changes due to first ionic association reactions is also calculated, 
according to the thermodynamic relationship i.e. 
AG= -RT In Ki (13) 
The magnitudes of Ki, Ao+ and AG for the complex [FeLJCb have been shown in table 6. 
The magnitude of Ki is relatively smaller compared to that reported" for 1:2 
electrolyte which indicates that in water the present complex exhibits higher degree of 
ionic association i.e. the complex cation and the counter anion interaction is higher. 
However, the magnitude of the free energy change, AG indicates the ample stability of 
the complex cation in solution. 
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